Using a multivariate filter, we estimate potential growth rates in Chile's mining and non-mining sectors. Estimates for the mining sector incorporate information on copper prices, whereas estimates for non-mining reflect information on inflation and unemployment rates. To better understand the drivers of potential growth, we decompose estimates into capital, labor (adjusted for human-capital and hours worked), and total-factor productivity using a production-function. Our estimates of potential output in Chile suggest that an important part of the recent growth slowdown has been structural, with potential-output growth slowing to 2½ percent in recent years, although it plausibly could be higher in the medium-term. JEL Classification Numbers: C51, E31, E52
I. INTRODUCTION
In recent years Chile has experienced a sharp growth slowdown-from a peak of nearly 6 percent in 2011, to around 2 percent in 2014 and 2015-coinciding with the reversal of previous commodity (copper) price increases. Interestingly, the growth slowdown has been very broad-based, with growth in the mining sector-which represents only a small share of activity-faring no worse than that in other sectors.
The objective of this paper is to assess whether the slowdown in the different sectors is cyclical, or structural in nature. With this in mind, we estimate potential output following the multivariate filtering methodology (MVF) applied in Blagrave and others (2015) , IMF (2015) , Benes and others (2010) , among other recent studies. The definition of potential output used in this paper-that is, the level of output that can be achieved without excessive inflation or labor-market imbalances-is particularly prevalent among monetary policy makers, as it allows them to communicate their policy stance in the context of the short-run tradeoff between output and inflation. This concept differs from that of medium-term trend output-a notion that will be explored further in a companion paper (Blagrave and Santoro, 2016) .
Our approach to estimating potential output departs from the aforementioned studies by extending the MVF approach to study the mining and non-mining sectors of the Chilean economy separately. This distinction is important because these two sectors differ in terms of their production technologies and processes, as well as their linkages to the domestic economy, in a non-trivial way. In addition, using a production-function approach, we highlight that different structural factors are driving potential growth in these two types of sectors.
The application of the MVF to the non-mining sector is standard fare-we add information on inflation and unemployment rates to help condition the estimates of the output gap and potential output. In the mining sector, we adopt a simpler, novel approach which excludes inflation and unemployment rates, but the estimates of potential growth are augmented with information on copper prices to reflect the idea that capacity decisions are related to durable changes in those prices (Harchaoui and Lasserre (2001) , among others).
Estimates for the non-mining sector show a significant deterioration in potential output growth in recent years, coinciding with an estimated output gap which is small at the end of the sample. In the mining sector, estimates of potential growth are highly correlated with trend copper prices, suggesting a run-up in mining-sector potential in recent yearsfollowing an extended period of low or even negative potential growth-which is now unwinding as prices have fallen. We estimate that there is considerable slack in the mining sector, implying that productive resources should be shifted elsewhere. In all, the estimates show that potential growth for the Chilean economy in 2015-16 has slowed significantlyalthough subject to uncertainty, our point estimate of 2½ is roughly half of what it was in 2011. And, the non-mining sector accounts for the bulk of the slowdown. 2 To gain a better understanding of the drivers of potential output, we conduct a growthaccounting exercise using a standard Cobb-Douglas production function. For the non-mining sectors, this exercise highlights an important role for weaker capital accumulation in driving the slowdown in potential growth (explaining about ½ the estimated slowdown), with labor inputs and total-factor productivity (TFP) growth slowdowns explaining the rest (20 and 30 percent of the slowdown, respectively). These results stand somewhat in contrast to the findings in IMF (2015) , which suggest that the potential-growth slowdown observed in many EMs is predominantly explained by weaker TFP growth. For the mining sector, estimates of potential growth are low or even negative for much of the sample period, due to a long period of decreasing TFP, related to a gradual deterioration of ore grade at copper mines as the most profitable deposits are extracted first. This has required a continuous (but not offsetting) increase in capital accumulation.
When interpreting these findings several factors need to be taken into consideration. First, there is substantial uncertainty about point estimates of potential growth but less so about its change-there has been a clear deceleration of potential growth in recent years.
3 Second, as mentioned earlier, the concept of potential growth estimated in the present paper is a shortrun concept and is time-varying-as such, the current estimate of 2½ percent should not be understood as a medium or long-term value. Current estimates of potential are affected by several developments, including a drawn-out adjustment process to the copper price decline, productivity changes related to a slowdown in investment, and demographic effects. Finally, Chile's growth slowdown mirrors trends in other countries. Many emerging and developed economies have experienced a similar decline in potential growth (IMF 2015) . While the growth slowdown in Chile may partly be related to convergence-the effect that growth slows as per-capita income rises-there are other factors at play. Headwinds from population aging (Blagrave and Santoro 2016) and also structural bottlenecks, such as a large infrastructure gap (Santoro 2015) , are other reasons that need to be reckoned with.
The remainder of the paper begins with a brief review of stylized facts about the recent evolution of the Chilean economy. Following that discussion, the third section presents the MVF for both the mining and non-mining sectors; estimates of potential and the output gap are presented in section four, including a production-function potential-growth accounting exercise. Section five concludes and raises questions for future research.
II. RECENT DEVELOPMENTS IN CHILE
After experiencing relatively strong GDP growth for much of the past decade-averaging 4.5 percent between 2000 and 2013-growth in Chile has deteriorated recently, averaging only 2 percent since then. One obvious contributing factor, given the importance of coppermining exports in Chile, has been the deterioration in copper prices, which were holding above or near $3.50 per pound for much of the past decade (with the notable, but short-lived, exception of the global financial crisis). Since late 2011, copper prices have fallen significantly, and are now at just over $2.00 per pound. Lower copper prices have been associated with lower growth in the mining sector-falling from 4.7 percent in 2012-2013 to an average of 1.4 percent in 2014-15-though activity in the sector is highly volatile.
Ultimately, the mining sector in Chile accounts, however, for a relatively small share of total activity-on average 13 percent of value added between 2011 and 2015. As such, in order for economy-wide GDP growth to have slowed so markedly, other sectors must have experienced significantly weaker growth as well. Indeed, during 2014-15 average growth rates in other sectors have slowed considerably.
Delving further into the linkages between these different sectors and the domestic economy, the mining sector is predominantly subject to external shocks. In particular, we note that the mining sector comprises about 60 percent of total goods exports in Chile, with almost all its production being exported. In addition, on the demand side the mining sector sources the bulk of its capital goods externally, with over 60 percent of machinery and equipment being imported. Combined, these considerations suggest a need for separate treatment of the sector, and a treatment which relates activity less to domestic conditions than is the case for other, non-mining sectors of the economy.
With this background information in mind, we turn to an examination of the degree to which the recent slowdown has been cyclical and to which degree it has been structural. 
III. ESTIMATING POTENTIAL OUTPUT: METHODOLOGY
Recent efforts to estimate potential output in a host of different countries have emphasized the Okun (1962) definition of potential output, wherein economic slack is related to slack in the labor market and inflationary pressures. The use of a multivariate filter allows practitioners to impose some economic theory on the results, and offers numerous other benefits relative to a naïve statistical filtration of the data.
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Many practitioners, including the U.S. Congressional Budget Office (CBO, 2001 ), choose to estimate potential output separately for different sectors of the economy, particularly those with different production methods. In Chile, the production process in the mining sector differs markedly from that of the rest of the economy, employing a much higher share of capital than production elsewhere, and responding much more to internationally determined variables, such as the price of copper, international demand and imported (capital) goods prices. 5 For this reason, we estimate potential output separately in the mining and non-mining sectors.
A. Potential output in the non-mining sector
The methodology used to estimate potential output in the non-mining sector is relatively simple, requiring annual data on just three observable variables: real GDP growth, CPI inflation, and the unemployment rate. The equations which relate these three observable variables to the latent variables in the model are presented below. Parameter values and the variances of shock terms for these equations are estimated using Bayesian estimation techniques.
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In the model, the output gap is defined as the deviation of real GDP, in log terms ( ), from its potential level ( ):
The stochastic process for output (real GDP) is comprised of three equations, and subject to three types of shocks:
The level of potential output ( ) evolves according to potential growth ( ) and a levelshock term ( ). Potential growth is also subject to shocks ( ), with their impact fading gradually according to the parameter (with lower values entailing a slower adjustment back to the steady-state growth rate following a shock). 7 Finally, the output-gap is also subject to shocks ( )-in effect, demand shocks. The role of each shock term is expressed graphically below:
Shocks to the level and growth rate of potential output, and the output gap 7 The notion of steady-state growth ( ) in this model is not derived from theory, and is simply calibrated in order to provide a sensible starting point for the filter at the beginning of the sample-estimates of potential growth ( ) will, in practice, deviate from this value frequently.
All else equal, output would be expected to follow its steady-state path, which is shown above by the solid blue line (which has a slope of ). However, shocks to: the level of potential ( ); the growth rate of potential ( ); or the output gap ( ), can cause output to deviate from this initial steady-state path over time. As shown by the dashed blue line, a shock to the level of potential output in any given period will cause output to be permanently higher (or lower) than its initial steady-state path. Similarly, shocks to the growth rate of potential, illustrated by the dashed red line, can cause the growth rate of output to be higher temporarily, before ultimately slowing back to the steady-state growth rate (note that this would still entail a higher level of output). And, finally, shocks to the output gap would cause only a temporary deviation of output from potential, as shown by the dashed green line.
In order to help identify the three aforementioned output-shock terms, a Phillips Curve equation for inflation is added, which links the evolution of the output gap (an unobservable variable) to observable data on headline inflation according to the process:
Finally, equations describing the evolution of unemployment are included to provide further identifying information for the estimation of the output gap:
Here, is the equilibrium value of the unemployment rate (the NAIRU), which is time varying, and subject to shocks ( ) and also variation in the trend ( ), which is itself also subject to shocks ( )-this specification allows for persistent deviations of the NAIRU from its steady-state value. Most importantly, we specify an Okun's law relationship wherein the gap between actual unemployment ( ) and its equilibrium process (given by ) is a function of the amount of slack in the economy ( ).
Equations 1-9 comprise the core of the model for potential output in the non-mining sectors. In addition, data on growth and inflation expectations are added, in part to help identify shocks, but mostly to improve the accuracy of estimates at the end of the sample period:
(10) + = + + + , j = 0,1
For real GDP growth ( ) the model is augmented with forecasts from consensus economics for the five years following the end of the sample period. For inflation, consensus economics forecasts are added for one year following the end of the sample period. These equations relate the model-consistent forward expectation for growth and inflation ( + and + ) to observable data on how consensus forecasters expect these variables to evolve over various horizons (one to five years ahead) at any given time ( + ).
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B. Potential output in the mining sector
The structure of the MVF used to estimate potential output in the mining sector is broadly similar to what was presented in the previous section, with a few simplifications and one alteration. In particular, the first block of equations is as follows:
9 The 'strength' of the relationship between the data on consensus and the model's forward expectation is determined by the standard deviation of the error terms ( + and + ). In practice, the estimated variance of these terms allows consensus data to influence, but not completely override the model's expectations, particularly at the end of the sample period. The impact of this information on the historical estimates of potential and the output gap is modest-at the end of the sample, this information plays a more important role. Equations 12-14 are identical to equations 1-3, presented for the non-mining sector (though all variables and parameters take the superscript 'M' to denote that they belong to the mining sector). In equation 15 (the behavioral output-gap equation) we add the term to link the evolution of the mining-sector output gap (and hence potential-output estimates) to the evolution of copper prices. This link between copper prices and mining-sector potential output is motivated by the idea that the degree to which price changes are judged to be persistent (or permanent) will drive investment and staffing (capacity-related) decisions in the mining sector, and hence matter for mining-sector potential output. This approach finds support in the work of Aslam and others (2016) , who show that capital accumulation grows more strongly in commodity-producing countries during episodes of sustained terms-of-trade shocks (booms). The block of equations which describes the evolution of copper prices is as follows:
These equations allow the filter to parse copper prices into movements due to cyclical and trend shocks. The copper-price gap ( ) is defined as the deviation of the actual price ( ) from its trend, or structural, component ( ), and its dynamics are defined in equation 17. Trend copper prices are defined in equation 18, and this process is relatively slow moving, consistent with work by Wets and Rios (2015) who suggest that the 'stationary' or long-term regime in copper prices is slow moving. 10 The concept of mining-sector potential output invoked here is a relatively short-run concept-it is the degree to which capacity to extract existing ore exists in the near-term. In the medium-to-long run, the potential output of the mining sector is theoretically given by the amount of ore available to be extracted and the optimal pace at which it should be extracted. According to Hotelling (1931) the optimal rate of extraction would be governed by the expected future price of copper, and time-preference (interest rate) considerations.
The properties of this block of equations imply that temporary movements in copper prices will be interpreted by the multivariate filter as shocks to the copper-price gap ( ), and hence will be translated into movements in the mining-sector output gap (through equation 15) with little or no change to mining-sector potential output growth. On the other hand, more persistent movements in copper prices will gradually be interpreted by the filter as representing trend copper-price movements, which will be assigned to trend shocks ( ) instead of copper-price gap shocks-the implication is that these would imply a change in mining-sector potential output.
Finally, relative to the setup for the non-mining sector, the MVF for the mining sector has been streamlined by eliminating conditioning information from inflation and unemployment rates (equations 5-9). Furthermore, we do not include information on consensus forecasts for mining-sector output as they are not available. To partially alleviate the end-of-sample problem we run the filter through a crude forecast of mining-sector GDP growth and copper prices (until 2017).
IV. ESTIMATING POTENTIAL OUTPUT: RESULTS
A. Estimates from the multivariate filter
Relative to the estimates from an HP filter, the MVF estimates of potential output growth are more flexible. This is mainly because the MVF assigns some variation in observed GDP to level shocks to potential output (the term from equation 2) during periods of sharp declines in GDP growth-this allows potential output growth to be more a flexible process, which improves real-time accuracy of the estimates and also minimizes counter-intuitive revisions to historical estimates.
11 In addition, this more rapid adjustment of potential output is consistent with the idea that the business cycle in emerging market economies tends to be driven, to an important degree, by shocks to potential output (Aguiar and Gopinath, 2007) .
A.1. MVF Estimation results: non-mining sectors
Figure 1 displays estimated potential growth rates using a standard HP filter (dashed green line) and those obtained by using the MVF approach (solid blue line). Parameters' estimates are shown in Appendix A, Table A1 . Data source and description are displayed in Table A2 .
Estimates for the most recent period suggest that potential growth has slowed significantly, from about 5 percent in 2011 reaching a trough of around 2 ½ percent in 2015-16. There is considerable uncertainty surrounding these estimates, particularly at the end of the sample. To assess this uncertainty, we construct confidence bands around our estimates of potential growth by taking 1000 draws of all latent variables from the model using Monte Carlo methods. The resulting confidence bands suggest that potential growth in 2015-16 could be as low as 1.5 or as high as 3.5 percent (confidence level of 95 percent, see Appendix B).
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Taking these intervals into account, the estimates imply that the potential growth rate in 2015 was lower than that in 2010-12 at conventional statistical thresholds. The estimated slowdown in recent years is in line with the arguments of De Gregorio (2015) , who reports that many emerging economies (EM) in Latin America are facing similar deteriorations in potential growth.
12 These confidence bands measure the uncertainty inherent in the MVF's estimates of the latent variables and are presented in an appendix. They do not capture parameter or model uncertainty, which are broader concepts beyond the scope of this exercise. To put the decline of Chile's potential output growth in a broader context, Figures 2 and 3 show how its deterioration in recent years compares to those of other emerging market economies, as well as how its current estimated potential growth rate compares to those of other countries based on GDP-per-capita. 13 Chile's decline stands out as large, but still consistent with the experiences of many other EMs over this period. Among countries with a similar income level, potential growth rates of between 2 and 3 percent are not particularly low and in line with expectations based on economic convergence. Indeed, IMF (2015) shows that potential-output growth has slowed down significantly in many advanced and emerging market economies-the slowdown in EMs has been particularly acute in recent years.
The recent decline in potential growth corresponds to an estimated output gap which is only slightly negative at the end of the sample, as shown in Figure 4 . There is also considerable uncertainty surrounding this estimate, and our calculations suggest that the 95 percent confidence range is from approximately -2 to +1 percent. 14 Looking back over history, there is a strong correspondence between the MVF's estimates of the output gap and the unemployment-rate gap, as these processes are related and jointly identified by the filter (through estimates of potential output and 13 For Chile, we plot only the non-mining sector potential growth slowdown in the figures.
14 Confidence bands around point estimates are presented in an appendix (section B). the NAIRU). There is also a relationship between inflation rates and the output gap, particularly in the lead-up to the global financial crisis, the GFC itself, and the subsequent recovery period. More recently, elevated inflation rates since 2014 have not been associated with a marked positive output gap, as the MVF tends to treat these as arising from inflation shocks, rather than excess demand. 15 This result coincides with the analysis of Perez Ruiz (2016) which finds an important role for exchange-rate pass-through as opposed to economic slack in determining inflation in Chile, particularly in recent years. Figure 5 shows the time-series estimates of potential growth for the mining sector. Parameters' estimates are shown in Appendix A, Table A1 . Potential growth increased steadily over the course of much of the past decade (albeit, from a negative initial growth rate), reflecting elevated copper prices and (presumably) an expansion of capacity in the mining sector-we will explore the drivers of this increase later in this section when we turn to the production-function accounting exercise. 15 We explore an extension to the baseline MVF, where we add exchange-rate changes to the Phillips curve, in Appendix C. However, more recently, mining-sector potential growth has slowed, albeit gradually, reflecting a slightly delayed response of production decisions to copper price dynamicsprices peaked in 2011, held relatively steady at elevated levels in 2012-13, and then declined from 2014 onwards. This somewhat sluggish downturn in potential growth is consistent with analysis in IMF (2010), which points out that supply is typically slow to respond to price changes, due to lags in the exploration and capitalinvestment processes.
A.2. MVF estimation results: mining sector
More broadly, the positive correlation between our estimates of mining-sector potential growth and copper prices is consistent with both Aslam and others (2016)-who find that potential output comoves with the commodity terms of trade-and Harchaoui and Lasserre (2001), who show that investment in Canadian copper mines is a positive function of prices (among other factors).
The output gap estimate for the mining sector indicates that excess capacity has emerged in 2015-16, as depicted in the text figure.
B. Decomposition of estimates using a production-function approach
One drawback of the MVF approach is that it does not offer an interpretation of the drivers of potential growth. In order to delve into this issue, the potential-growth estimates from the MVF are decomposed using a Cobb-Douglas production-function approach (similar to the approach in IMF (2015) and many other studies). This approach allows for an accounting of the drivers of potential growth over history. In addition, it allows us to provide more theoretical underpinnings for future course of structural, low-frequency variables and perform analysis of alternative policies scenarios, which would not be possible by simply using the MVF.
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Specifically, the production-function approach entails splitting potential output ( ) into contributions from capital ( ), potential (human-capital augmented) labor ( ), and potential total-factor-productivity ( , which is the Solow residual) using a standard CobbDouglas production-function. 17 More specifically, the production function used is as follows:
And labor inputs are measured by:
where N t is working-age population, is the non-accelerating inflation rate of unemployment (NAIRU, which is estimated jointly with potential output by the MVF), is the potential labor-force participation rate, and is actual average weekly hours worked. The productivity-augmenting effect of human capital H has been measured in the literature (see Bils and Klenow, 2000) through a relationship between an individual's schooling level and her labor earnings:
The MVF approach is less well-suited to constructing a forecast, since it does not have any structure regarding the equilibrium processes in the model, and hence its forecasts would simply reflect naïve reversion to the historical mean growth rate (or specified value of over a number of years).
17 Given actual data on and estimates of and labor ( ), (potential total-factor productivity) is solved for as the residual. Capital stock data for the non-mining sector are purged of housing, in order to be consistent with a notion of the economy's 'productive' capital stock (as in Beffy and others, 2006) .
(continued…) Equation (21) transforms schooling level s into labor-efficiency units for production.
Labor and capital shares differ for the mining and non-mining sectors ( = 0.56 for non-mining; = 0.8 for mining). 18 The parameters θ and μ together capture the curvature and the mean returns to education. In particular, μ>0 indicates decreasing returns to education as in Bils and Klenow (2000) .
Potential output growth in the mining sector has been dominated by two opposing forcesstrong investment and capital stock growth rates to maintain production levels in the presence of rapidly declining total-factor productivity ( Figure 6 ). The need for such strong investment growth can be thought of in the context of steadily deteriorating ore grades at Chilean copper mines. As discussed in Aguirregabiria and Luengo (2015) the ore grade at a copper mine deteriorates gradually over time, as more profitable (resource-rich) deposits are mined first. They find that cost of extraction has been increasing during the 2000s, signaling a deterioration of the quality of the ore. In order to maintain production, investment is needed constantly, both in the form of exploration, and infrastructure to extract copper from new ore deposits.
As for the decomposition of potential growth for the non-mining sectors, Figure 7 shows that the recent decline in potential growth has been driven to an important degree by slower (continued…) capital stock accumulation. 19 Indeed, relative to 2011, slower capital accumulation explains about one half of the slowdown, whereas slower TFP and labor-input growth account for about 30 and 20 percent of the slowdown, respectively.
B. What are the factors behind weaker growth in capital accumulation?
Capital accumulation in Chile has proceeded slowly since 2011 as private investment growth has been lackluster. A previous study showed a pervasive investment slowdown across many emerging markets, especially those in Latin America, in most cases due to adverse external conditions (IMF WHD Regional Economic Outlook, April 2015).
In the case of Chile, the study found that adverse external conditions, namely commodity export prices (PX), global demand (WGDP) and real effective exchange rate (REER) dynamics, were important, but that these accounted for just above one-third of the (cumulative) slowdown from 2011 to mid-2014 (see Figure 8) . Domestic factors such as low expected profitability (measured by the Tobin's Q) and tight monetary conditions (mirrored by the lending rate R) explained the vast majority of the investment growth slowdown.
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Partly offsetting these sources of weakness were other domestic factors, such as the volume 19 For capital stock, we use actual data from the Banco Central de Chile until 2014 (net capital stock for nonmining sectors, minus dwellings, at current prices). For 2015 and 2016, we extend estimates of the capital stock holding the depreciation rate from 2014 constant, and taking actual and (WEO) projected investment rates as given. 20 In the Tobin's theory of investment, (expected) profitability is represented by the shadow marginal value of investment (the Tobin's Q) (see Gilchrist and Himmelberg, 1995) . Marginal Q is unobservable and can be proxied by average Q (see Hayashi, 1982) . We measure average Q as the ratio between the stock market value and the investment deflator. of economic activity (proxied by GDP growth) in previous quarters (following theories of the accelerator).
The specification used in the study performs particularly well in some periods but has relatively large unexplained shares of the investment changes in others. For instance, the period 2013Q3 to 2014Q4 present relatively large unexplained components of investment slowdown, which can be attributed to large shocks not captured by the variables in the model specification (see also IMF Staff Report 2015).
This finding is corroborated by Albagli and Luttini (2015) , who report that domestic factors played a major role in depressing investment in Chile in the period 2011-14, in some specifications explaining about 80 percent of investment slowdown, while external factors were still important but accounted only for about 20 percent.
To consider the more recent period of weak investment, we extend the model used in IMF (2015) to analyze the determinants of investment growth from late 2014 until 2016. 21 In contrast to the previous results, we find that more recently the major headwinds to investment growth have been coming from external conditions, such as lower commodityexport prices, higher global uncertainty (VIX, mirroring financial uncertainty) and in particular a depreciated exchange rate, which harms investment since most of Chile's capital goods are imported. Those factors explain close to the two-thirds of the investment dynamics since late 2014. Domestically, favorable monetary conditions and an improvement in expected profitability relative to previous years have sparked a positive incentive to invest, and provided some partial offset to the weakness from external conditions. 21 The vector autoregression (VAR) estimated is the following: = − + Where the vector Y comprises: (log difference) INV, WGDP, REER, PX, VIX, Q, GDP, R and p=2.
C. What explains the deceleration in TFP growth?
The slowdown in TFP is likely related to capacity bottlenecks in several key sectors, besides mining. Corbo (2014) presents an in-depth analysis of the particular sectors contributing to weak productivity growth and finds that inefficiencies in crucial industries, such as manufacturing, transportation and utilities are among the largest contributors to the aggregate slowdown in TFP. Since the beginning of the 2000s, TFP growth declined by 0.8, 3.0 and 2.3 ppt in manufacturing, transportation and utilities sectors, respectively. This has implied a stark change in productivity at the aggregate level between the 1990s and the 2000s.
The rapid growth of productivity during the early 1990s is mostly related to reallocation of factors towards high-performance sectors, including ICT, fostered also by large privatizations. The subsequent decline in aggregate TFP growth starting in 1998 is likely related to a slower reallocation of factors, especially labor, to high-performance sectors, owing to the scarcity of skilled workers and declining (2014) Note: s peci fi ca tions : a ) wi thout a ccounting di fferently for ICT ca pi ta l ; b) trea ting di fferently ICT ca pi ta l ; c) a djus ting for energy-cos t i nduced util i za tion of ca pi ta l ; d) a ggrega ting fi ve ma i n s ectors (ma nufa cturi ng, cons truction, commerce tra ns porta tion a nd fi na nci a l s ervi ces specifications productivity in key sectors, such as transportation and utilities, partly linked to high levels of electricity prices and large infrastructure gaps in transportation (Santoro, 2015) .
22 Corbo (2014) surveys several approaches for estimating TFP growth at the aggregate level, including by previous literature. Independent of the specification or data used, he shows that TFP growth could be up to 2 ppt lower starting in the 2000s (see table) . Structural weaknesses in human capital and bottlenecks in infrastructure are likely to continue holding back potential growth in the next few years.
D. What is behind low labor-input growth?
The production-function accounting of potential growth shows that declining labor inputs have played a non-trivial role in the recent slowdown of potential growth. Figure 9 breaks the evolution of the labor input into its components (from equation 20) and shows an important role for declines in average hours worked in depressing labor-input growth rates. However, on aggregate, the trend towards shorter work weeks is being offset by steady increases in human capital. Estimates of the NAIRU have been quite steady over the sample period and contribute relatively little to the decline. Finally, population growth rates are slowing, implying a very gradual decline in labor-force growth. At the same time, growth in participation rates have fallen substantially in recent years, providing less support than they did for much of the previous decade. This trend warrants closer inspection as it reverses an until recently positive and growing contribution to potential growth. A discussion of the drivers of participation rates, and the implications of demographic factors for the evolution of labor inputs, and medium-term potential growth, is presented in a companion paper (Blagrave and Santoro, 2016) . 22 Since the end of the 1990s, Chile has suffered a series of negative shocks that have increased the cost of electricity generation. Several droughts affected the electricity generation in the hydro segment, starting in 1998-1999. In addition, in 2004 Argentina sudden stopped exports of natural gas to Chile increasing the dependency of energy on oil, whose prices continued to increase during the 2000s. 
V. CONCLUSION
In this paper, we estimate the structural components of the recent slowdown in economic growth in Chile by using a MVF approach, following previous work by Blagrave and others (2015) , IMF (2015) , and Benes and others (2010) . We extend the approach in the previous literature by studying mining and non-mining sectors separately. We also use a productionfunction approach to study whether the drivers of potential growth are different in the two types of sectors.
Our estimates of potential output in Chile suggest that an important part of the recent growth slowdown has been structural, with potential-output growth slowing to 2½ percent in recent years in the non-mining sectors. Different from previous literature on EMs, we find that slower potential growth has been driven primarily by weaker capital accumulation in recent years, as investment has slowed considerably. In addition, labor-input growth has also played an important role in accounting for the deceleration, as previous gains from accelerating participation rates have stalled, and working-age population growth rates have trended lower. In the mining sector, we find that a long-standing issue of low productivity growth is behind low estimates of potential output-this can be attributed to gradually declining ore grades as more profitable deposits are extracted first.
Headwinds in the form of lower copper prices, weak external demand, and infrastructure bottlenecks pose challenges for medium-term growth. Plausibly, the potential growth rate can increase over the medium-term as investment and productivity growth rates are substantially below levels consistent with Chile's recent path and fundamentals. We explore this and other issues in a companion paper (Blagrave and Santoro, 2016) .
VII. APPENDIX
A. Estimation priors, posteriors, and data sources
Priors on the parameters in both the mining and non-mining sector MVFs are taken from previous work on estimating potential output for a wide range of countries (Blagrave and others, 2015) . Although estimates of potential output and the output gap are robust to the selection of different prior values for many of these parameters and shock-term standard errors, results are somewhat sensitive to the selection of values for RES_Y, RES_LGDP_BAR, and RES_G. For the variances of these shock terms, our prior is that there is a more important role for shocks to potential output in explaining the business cycle, as suggested in the literature (Aguiar and Gopinath, 2007 )-this motivates a slightly higher emphasis on shocks to the level and growth rate of potential output in Chile, relative to what would come from an HP filtration of the data using a 'standard' smoothing parameter (lambda=6.25 for annual data, Ravn and Uhlig, 2002) . Our selection of priors for these variables is consistent with previous work on estimating potential output in emerging market economies, and ultimately we allow for some variation in the estimation of these parameters' standard error terms, as shown in Table A1 . 
C. Robustness Testing and Alternate Specifications
In this section, we illustrate the sensitivity of our estimates to several alternative parameterizations and specifications. Estimates are shown to be relatively invariant to small changes to model structure, and plausible changes to selected parameters.
Adding exchange rates to the Phillips Curve
To more firmly establish our point from footnote 6 in the main text, we investigate the impact on estimates of potential output and the output gap of adding a term for changes in the exchange rate to the Phillips curve (non-mining sector specification). In particular, we estimate a version of the MVF which preserves equations 1-11 as they are in the main text, with the exception of the following change to the Phillips curve:
(5) = +1 + (1 − ) −1 + + + , where is the change in the exchange rate in period t, and is a parameter dictating the degree of pass-through associated with this change. Experimenting with a range of values for suggests that the estimates of both potential output and the output gap are invariant to the inclusion of exchange rates-however, as expected, the addition of the exchange rate (and a large value of = 0.2) does reduce the size of inflation shocks in the MVF (equivalently, this allows for a better prediction of inflation by the MVF).
